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BRIEF DESCRIPTION OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates generally to amplifier circuits and more 
particularly to headphone driver amplifier circuits operating from a single 
positive voltage supply. 

BACKGROUND OF THE INVENTION 

Systems and devices using headphones are ubiquitous in many fields 
of technology. The trend to miniaturize electronic devices has resulted in 
the need for smaller headphone devices. 

PRIOR ART FIG. 1A illustrates a typical headphone connectivity 
diagram 8. The right headphone lead 12 and the left headphone lead 14 
couple to the right and left headphone speakers respectively represented here 
by a headphone load 10 to the rest of the system. Each headphone load 10 
as well as the overall system is connected to a common ground 16. 

PRIOR ART FIG. IB illustrates a prior art stereo headphones system 
1 1 using a 3-way "jack socket" design for connecting a pair of headphones 
to a stereo system. As shown in FIG. IB, the 3-way jack-socket design 11 is 
made of three electrically isolated portions 22, 26, and 28, dividers 24 and 
29, and a body 23. The design of the 3-way jack socket allows for the use of 
a single jack socket 11 to connect a pair of headphones 18 and 20 via the 
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leads 12 and 14 and the common ground lead 16. As illustrated herein 
PRIOR ART FIG. 1A, the 3-way jack-socket system 11 includes the tip 22 
which couples the left headphone speaker 18 to the stereo system via the 
lead 12. Similarly, the middle portion 28 of the jack socket 23 couples the 
5 right headphone speaker 20 to the stereo system via the lead 14. A rear 
portion 26 of the jack socket 23 connects the common return for the left 18 
and the right 20 headphones to a common ground 16 that may be connected 
to the stereo system chassis to form a common ground. Dividers 24 and 29 
electrically isolate from each other, the various electrically charged portions 
10 22, 26 and 28 of the 3-way jack-socket. 

Each headphone may be represented by a resistive headphone load to 
be driven by the incoming signals. Typical value for the resistive load of a 
headphone speaker is in 16 to 32 £1 (ohm) range. 

PRIOR ART FIG. 2 illustrates a typical headphone driver amplifier 
15 circuit 30. The headphone driver amplifier circuit 30 includes a pair of 
headphone amplifiers 32 and 34, a pair of DC coupling capacitors 40 and 42, 
and a pair of outputs leads 12 and 14 connecting the headphone amplifiers to 
the headphone speakers represented by the headphone load 10. 

As shown in PRIOR ART FIG. 2, the incoming (driving) signals are 
20 amplified before reaching each headphone. In the cases where the 
headphones are used with portable electronic devices such as portable 
cassette players or portable CD players, a single positive power supply such 
as a battery is the only source of power. In a typical portable device, 
headphone driver amplifiers are from a single supply (e.g. a 5 volts or 3.3 
25 volts battery). In order to accurately reflect the incoming signals amplified 
by the headphone amplifiers 32 and 34, the outputs of the headphone 
amplifiers 32 and 34 are biased at mid-rail (V DD /2) allowing for the 
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generation of both positive and negative going signals without clipping. As 
a result, the output of the amplifiers 32 and 34 are at a higher DC voltage 
with respect to ground. In order to prevent high currents from flowing 
through the headphones and having the headphones in a continuously on 
state, direct current (DC) coupling capacitors such as 40 and 42 are inserted 
in series with the output of the amplifiers 32 and 34, in order to prevent a 
DC current from reaching the headphones. The DC coupling capacitors 40 
and 42 act as a high pass filter preventing DC and very low frequency 
signals from reaching the headphones. In order to reproduce low frequency 
input signals into the 16-32 Q. (ohm) load of a typical headphone, the value 
of these DC coupling capacitors needs to be in the 100-470 uF (micro Farad) 
range. However, physical size of a 100-470 uF capacitor is prohibitively 
large and prevents miniaturization of the headphone circuitry. The physical 
size and cost of these DC blocking capacitors 40 and 42 is of a greater 
importance in the design of portable equipment and therefore implementing 
an amplifier topology that either completely eliminates the DC blocking 
capacitors or reduces their value and size is desirable. 

Returning to PRIOR ART FIG. 2, the incoming signal I is input to the 
two power amplifiers 32 and 34. In order to generate positive and negative 
going incoming signals without signal clipping, the amplifiers 32 and 34 are 
typically biased at mid-rail (VDD/2), and thus the positive and negative 
power supply terminals of the two amplifiers 32 and 34 are connected to the 
positive power supply VDD and ground (VSS) respectively. As a result, the 
outputs 36 and 38 of the input amplifier 32 and 34 need to be coupled to the 
left 18 and right 20 headphones through DC blocking capacitors 40 and 42 
respectively. As previously discussed, in order to reproduce low frequencies 
into the typical 16 to 32 ohm headphones, the size of the DC blocking 



capacitors has to be in 100 to 470 uF range. The physical dimensions for 
these internal capacitors is very large and the size acts as a barrier to much 
desired miniaturization of the headphone driver amplifier circuit 30. 

PRIOR ART FIG. 3 illustrates one prior art solution eliminating the 

5 need for DC coupling capacitors. A prior art driver amplifier circuit 43 
includes a pair of headphone amplifiers 32 and 34 directly coupled to a 
headphone load 10 through a pair of leads 36 and 38, and a third amplifier 
44 connected to the headphone load 10 via the lead 16. The headphone load 
10 (representing the headphones 18 and 20) is biased between ground 

10 (GND) and the supply voltage VDD. With both headphone amplifiers 
biased to approximately the same DC value, very little DC current flows 
through the headphones, and the third amplifier sinks or sources current as 
necessary. Although the circuit depicted in PRIOR ART FIG.3 eliminates 
the need for large DC coupling capacitors, this system has the disadvantage 

1 5 of having a common return 1 6 that must now be isolated from the equipment 
chassis since it has a DC voltage on it. This isolation introduces additional 
problems such as possible circuit damage if the electrical isolation of the 
common return from the rest of the system fails. 

Therefore, it is desirable to provide a circuit headphone amplifier 

20 system that could operate from a single positive voltage supply, and which 
does not require the usual large DC coupling capacitors or need the physical 
isolation of the common return of the headphones. 



SUMMARY OF THE INVENTION 

The system of the present invention, allows a headphone driver 
amplifier to operate from a single voltage supply, yet does not require the 
usual series coupling capacitors used for preventing DC current from 
reaching the headphones. An on-board power supply generates a negative 
voltage rail, which powers the output amplifiers, allowing driver amplifier 
operation from both positive and negative rails. In this way, the amplifier 
can be biased at ground (0 volts) potential, generating no significant DC 
voltage across the headphone load (the headphones speakers). 

Briefly, one aspect of the present invention is embodied in a circuit 
enabling a headphone driver amplifier to operate from a single voltage 
supply comprising of an amplifier having an output coupled to a headphone, 
the amplifier having a first and a second power supply lead, the first power 
supply lead connected to a positive supply voltage, and a DC voltage to 
voltage converter having an output and a power source lead connected to the 
positive voltage supply, the output of the charge pump circuitry connected to 
the second power supply lead, and the charge pump generating an output 
voltage at the output that is substantially equal in magnitude to some quanta 
of the negative of the power supply voltage. 



BRIEF DESCRIPTION OF THE DRAWINGS 

PRIOR ART FIG. 1 A illustrates a typical headphone connectivity 
diagram; 



PRIOR ART FIG. IB illustrates a prior art stereo headphones design 
11 using a 3-way "jack socket" design for connecting a pair of headphones 
to a stereo system; 

PRIOR ART FIG.2 illustrates a typical prior art headphone 
driver amplifier circuit; 

PRIOR ART FIG. 3 illustrates one prior art solution eliminating the 
need for DC coupling capacitors; 

FIG. 4 illustrates a headphone amplifier circuit according to the 
present invention; 

FIG. 5 illustrates one embodiment of the headphone amplifier system 
of the present invention in a circuit; 

FIG. 6 is an illustration of an alternative embodiment of a headphone 
amplifier system according to the present invention; 

FIG. 7 is illustrates a simple capacitor based, IC charge pump 
circuitry; and 

FIG. 8 is illustrates a simple capacitor based discrete charge pump 
circuitry. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior art headphone driver systems for portable devices operate off of 
a single power supply, requiring the biasing of the headphones at mid-range 
of the power supply in order to fully represent the incoming signal without 
5 the danger of any clipping. As a result, these prior art systems require DC 
blocking capacitors to be used in series with the amplifiers driving the 
headphones. The value and physical size of these DC coupling capacitors 
are prohibitively large and limit miniaturization highly desired in most 
systems. 

jz 10 One aspect of the present invention allows for a headphone 

O driver/amplifier circuits to operate off of a single voltage supply, without 
CP requiring the usual series coupling capacitors necessary for preventing DC 
h current from reaching the headphones. An on-board power supply generates 

ESS 

a negative voltage rail, which powers the output amplifiers, allowing driver 
P 15 amplifier operation from both positive and negative rails. In this way, the 
| amplifier can be biased at ground (0 volts) potential, generating no 
S significant DC voltage across the headphone load (the headphones 

speakers). 

FIG. 4 illustrates a headphone amplifier circuit 45 according to the 
20 present invention. The headphone amplifier circuit 45 includes a first 
amplifier 46 driving the left headphone, a second amplifier 48 driving the 
right headphone, each amplifier coupled to its respective headphone load 10 
via a connecting lead 50 and 52 respectively, and a charge pump 54. The 
headphones represented by the headphone load 10 are connected to a 
25 common ground 57. As shown in FIG. 4, instead of a third amplifier 40 
shown in PRIOR ART FIG. 3 a charge pump circuitry 54 is used. 
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The term "charge pump " refers to a type of DC voltage to voltage 
converter that uses capacitors and in an alternative embodiment inductors to 
store and transfer energy. One type of charge pump (also referred to as 
switched-capacitor converters) includes a switch/diode network that charges 
and discharges one or more capacitors. 

Alternatively, in implementing the present invention, a DC voltage to 
voltage converter may be used that includes an inductor. 

The charge pump circuitry of the present invention generates a 
negative voltage rail -VDD with respect to ground, powering the output 
amplifiers and allowing driver amplifier operation from both positive and 
negative rails. Providing a negative voltage rail with respect to ground 
allows for the headphone amplifiers to be biased at ground voltage, allowing 
for the incoming signals to be amplified without clipping. As shown in 
FIG.4, the two headphone amplifiers 46 and 48 have their positive power 
terminal connected to VDD the positive voltage supply, and VSS which is 
approximately equal to the negative value of VDD with respect to ground. 
This arrangement allows for the output terminal of both amplifiers 46 and 48 
to be biased to ground, resulting in no significant DC voltage across the 
headphones and allowing the elimination of the large DC coupling 
capacitors 40 and 42 as shown in PRIOR ART FIG. 2. 

Returning to FIG. 4, each of the headphone amplifiers 46 and 48 has 
one lead of its supply voltage terminal connected to the positive voltage rail 
VDD and another lead of its supply voltage terminal connected to the output 
56 of the charge pump circuitry 54 supplying a negative voltage VSS equal 
to -VDD. 
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The headphone amplifier circuit 45 allows for the headphone 10 to be 
biased at zero volts, operating between VDD and -VDD which in turn 
allows for the leads 50 and 52 of the respective headphone amplifiers 46 and 
48 to directly couple the headphone speakers 10 to the headphone amplifiers 
5 46 and 48 without the need for any DC coupling capacitors in series. 

FIG. 5 illustrates one embodiment of the headphone amplifier system 
of the present invention in a circuit. The headphone amplifier system 45 
includes a left headphone amplifier 46, a right headphone amplifier 48, a 
charge pump 54, and external capacitors CI and C2. As shown in FIG. 5, in 
1 10 one embodiment of the present invention, the charge pump circuitry 54 and 
] the power amplifiers 46 and 48 are implemented on a single integrated 
I circuit (IC) chip 45. In this example, the charge pump 54 operation requires 
» two small external capacitors CI and C2. CI is a called a "flying capacitor" 
3 and C2 is a "reservoir capacitor". The size of these two external capacitors 
j 15 are in the single digit micro Farad (uF) range as compared to the DC 
3 coupling capacitors of the prior art which are in the several hundred uF 
range. 

FIG. 6 is an illustration of an alternative embodiment of a headphone 
amplifier system according to the present invention. As shown in FIG. 6, the 

20 headphone driver circuit 58 includes a first amplifier 60, a second amplifier 
62, a switching unit 64, an external inductor LI and an external capacitor 
C2. The inventive teachings of the present invention may further be 
implemented using an inductor based DC voltage to voltage converter. In 
one embodiment, the headphone driver circuit 58 may be implemented using 

25 discrete circuit components. In an alternative embodiment, an onboard 
inductor LI may be used in conjunction with an integrated circuit that 



includes an integrated switching system as well as power amplifiers for 
driving the headphones. In this embodiment, an external inductor L, is used 
in conjunction with an external capacitor C, to convert a positive power 
supply voltage to a substantially equal but negative voltage supply. A 
switching unit 64 configures the circuit for each charge and discharge cycle. 
The headphone amplifiers 60 and 62 may be directly coupled to and drive 
their respective headphones without the need for DC coupling capacitors 
since the headphones are biased to ground and operate between VDD and 
-VDD, allowing for a complete incoming signal representation without any 
clipping. 

FIG. 7 is illustrates a simple capacitor based, IC charge pump 
circuitry 66. The simple capacitor based IC charge pump circuitry 66 
includes a pair of amplifier/inverters 68 and 70, an oscillator 72, a pair of 
switches 74 and 76, and a pair of external capacitors CI and C2. 

In the simple capacitor based IC charge pump circuitry 66, the switch 
network 74 and 76 toggles between charge and discharge states. An 
oscillator (OSC) 72 controls the two switches (74 and 76) that alternately 
charge a flying capacitor (CI) from an input voltage supplied by the 
amplifier 68 and 70, and discharge the flying capacitor (CI) into an output 
capacitor (C2). The voltage thus produced across the output capacitor C2 
may be output as the output voltage (VOUT). Typically, the oscillator 72, 
the switches 74 and 76, and still other controls are all commonly contained 
in a single integrated circuit (IC). 

The simple capacitor based IC charge pump circuitry 66 is of the step- 
up type, and it operates by stacking the potential of the charge in the flying 
capacitor CI onto the potential of the input, and then charging the output 
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capacitor C2 with this. The optimal result of this is an output voltage VOUT 

which is double that of the input voltage. 

Those skilled in the electronic arts will readily appreciate that 

switched connections to the flying capacitor can be changed to simply shift 
5 charge from the input to the output, rather than to stack it as above. One very 

common type of step-down charge pump operates in this way, but further 

includes an appreciable resistance in the charge path to the flying capacitor. 

The resistance intentionally introduces a delay in the charging of the flying 

capacitor, and appropriate control of the oscillator is then used to switch the 
C 10 charge before it is able to reach the full input voltage potential. This type of 
m charge pump may accordingly transfer charge quanta having only one-half, 

SCSI 

J! two-thirds, etc. of the input voltage, and thereby produce an output voltage 
% which is correspondingly lower than the input voltage. This type of step- 
Is down charge pump is probably overwhelmingly the most common today, but 
|r: 15 it is not the only type possible. Alternative circuit arrangements allow for 
£ the generation of an output voltage VOUT which is equal to some negative 
n quanta of the input voltage. 

FIG. 8 is illustrates a simple capacitor based discrete charge pump 
circuitry. The simple capacitor based discrete charge pump circuitry 78 

20 includes an amplifier 80, a pair of capacitors CI and C2, a pair of diodes or 
switches Dl and D2 and includes an input signal or external clock 82. In 
the capacitor based discrete charge pump circuit 78, the basic charge pump 
circuit is implemented in a discrete component circuit as shown in FIG. 8. 
The amplifier 80 charges a flying capacitor CI. The flying capacitor CI 

25 shuttles charge across a diode D2 and diode Dl. A reservoir capacitor C2 
holds the charge and filters the output voltage VOUT. The external clock 
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signal along with the two diodes Dl and D2 control the cycle and direction 
of the charge and discharge signals. 

The foregoing examples illustrate certain exemplary embodiments of 
the invention from which other embodiments, variations, and modifications 
will be apparent to those skilled in the art. The invention should therefore 
not be limited to the particular embodiments discussed above, but rather is 
defined by the following claims. 
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